Sour congee, a traditional fermented cereal gruel, has been consumed for hundreds of years in the western regions of Inner Mongolia in China. The preparation procedure for sour congee could be generalized across different regions. Cereal grains, mainly millet and rice (sometimes blended with a little maize) are soaked with clean water in a pot at room temperature (about 25 C) for 3 4 days. During fermentation, mixed fermentations including lactic acid fermentation take place, and the pH decreases as lactic acid and other organic acids accumulate due to microbial activities. Subsequently a part of the fermented product is added into the new soaked rice mixture as a starter for fermentation at room temperature until the mixture produces acid, and then the fermented mixture is boiled, the palatable and nutritional sour congee is fi nished and it can be consumed directly.
Introduction
Sour congee, a traditional fermented cereal gruel, has been consumed for hundreds of years in the western regions of Inner Mongolia in China. The preparation procedure for sour congee could be generalized across different regions. Cereal grains, mainly millet and rice (sometimes blended with a little maize) are soaked with clean water in a pot at room temperature (about 25 C) for 3 4 days. During fermentation, mixed fermentations including lactic acid fermentation take place, and the pH decreases as lactic acid and other organic acids accumulate due to microbial activities. Subsequently a part of the fermented product is added into the new soaked rice mixture as a starter for fermentation at room temperature until the mixture produces acid, and then the fermented mixture is boiled, the palatable and nutritional sour congee is fi nished and it can be consumed directly.
Sour congee has an attractive taste and functional properties, and it can assist in digestion and cure intestinal disorders. The protein digestibility of cereals is lower than that of animals due to the presence of phytic acid, tannins, and polyphenols which bind to pro- Vol. 57 YU et al. teins (Oyewole, 1997) ; however, fermented cereal has been found to effectively reduce the amount of phytic acid and tannins, and to improve the protein availability and digestibility of cereals (Charalampopoulos et al. 2002; Lorri and Svanberg, 1993) . Moreover, the present benefi cial microbial population can adhere to the intestines and produce a health benefi t in human hosts.
LAB are widely distributed in nature and occur naturally as indigenous microfl ora in fermented foods, which play a major role in the production of fermented food, such as the key fl avors, texture and preservative qualities (Atrih et al., 2001; Messens and Vuyst, 2002) . In addition, increased amounts of ribofl avin, thiamine, niacin, and lysine due to the action of LAB in fermented cereal have also been reported (Hamad and Fields, 1979; Sanni et al.,1999) . So it is valuable to isolate LAB from natural sour congee for development of an industrial starter.
The aim of this study was to identify and characterize the LAB isolated from 28 samples of sour congee collected from individual households in Inner Mongolia of China. The isolates were initially classifi ed according phenotypic and biochemical characteristics and further identifi ed by 16S rRNA gene sequence, multiplex PCR assay of recA gene and restriction fragment length polymorphism (RFLP) analysis of the tuf gene. Results from conventional biochemical methods and molecular methods were analyzed and compared.
Materials and Methods
Samples. Twenty-eight samples of traditional sour congee were obtained from the four regions of Inner Mongolia in China. The temperature of congee samples at sampling ranged from 10.0 C to 39.5 C, and the pH value was from 3.0 to 4.5 (Table 1) . Samples were aseptically collected, stored at 4 C during the transfer to the laboratory, and used for the isolation within a few hours.
Isolation of strains. Sour congee samples were plated in different dilutions onto MRS (Oxoid) plates and incubated under anaerobic condition at 30 C for 48 72 h. About 5 colonies were randomly picked from each plate, and they were purifi ed and checked for catalase activity; cell morphology was observed by Gram staining. The pure isolates of Gram-positive, catalase-negative, non-motile, cocci and rods were preserved in milk containing 0.1% sodium glutamate and stored at 40 C.
Phenotypic characterization of isolates. For Grampositive, catalase-negative isolates further identifi cation was performed by using the following physiological tests: gas production from glucose in MRS broth containing inverted Durham tubes; growth at temperatures of 10 C, 45 C (rods and cocci) and 50 C (cocci) in MRS broth for 5 days; growth at pH 3.0 and 4.5 for rods and at pH 4.2, 4.8, 7.5, 9.2 and 9.6 for cocci in MRS broth for 3 days. Salt tolerance was determined in MRS containing 2.0%, 4.0%, and 6.5% NaCl (w/v) for rods and 5.0%, 6.5%, and 10% NaCl (w/v) for cocci at their isolated temperature for 3 days. Furthermore, studies of the biochemical properties of cocci included arginine, esculin and hippurate hydrolysis (Seeley and Dain, 1960) ; production of dextran from sucrose; growth in the presence of 0.1% methylene blue; and growth in 10% and 40% glycocholate sodium. These methods were carried out as described by Harrigan and McCance (1976) .
Carbohydrate fermentation experiments were conducted according to the method described by JayneWilliams (1975) . Twenty-seven kinds of carbohydrates were tested using sugar basal broth with chlorophenol red as the indicator. Different sugars were added to basal broth and adjusted to a fi nal concentration of 0.5% (w/v). A part of the sugar broth was sterilized at 115 C for 20 min; glucose, galactose, sucrose, cellobiose, lactose, trehalose, melibiose, D-raffi nose, melezitose, mannitol, sorbitol, esculin, salicin, starch, glycogen, inulin, α-methyl-D-glucoside, inositol, and other sugars (amygdalin, gluconate, L-arabinose, Dxylose, rhamnose, D-ribose, mannose, fructose, and maltose) were fi lter-sterilized through a 0.22 μm syringe-driven fi lter unit (Millipore, Saint-Quentin, France). Each experiment was repeated in triplicate. Identifi cation based on the profi le of carbohydrate fer- (Yu et al., 2009 ). Purifi ed DNA was diluted to 100 ng/μl of fi nal concentration for 16S rRNA gene amplifi cation.
Approximately 1,500 bp of 16S rRNA gene was amplifi ed using a set of universal primers 27F and 1495R. The primer sequences were 27F, 5 -AGAGTTT G A T C C T G G C T CAG-3 (Mora et al., 1998) , and 1495R, 5 -C T A C G G C T ACCTTGTTACGA-3 (Jensen et al., 1993) . The 25 μl reaction mixture contained 100 ng template DNA, 2.5 μl 10 buffer with 1.5 mM MgCl 2 , 3.0 unit Taq DNA polymerase, 0.2 mM of dNTP, and 10 pmol of each primer. The PCR amplifying procedure was as follows: 5 min at 94 C, 30 cycles of 1 min at 94 C, 1 min at 58 C, 2 min at 72 C and then 10 min at 72 C; it was carried out on an automatic thermal cycler (MJ Research PTC-200). PCR products were electrophoresed in 1.0% agarose gel and visualized by UV transillumination after ethidium bromide staining.
Positive PCR products were sent to Shanghai Sangni Biosciences Corporation of China for sequencing. The 16S rRNA gene sequences of all isolates were submitted to the National Center for Biotechnology Information (NCBI, http://blast.ncbi.nlm.nih.gov) for BLAST search. Sequences were imported into MEGA version 4.0 software (Tamura et al., 2007) , with which a sequence alignment and phylogenetic trees were created on the basis of the neighbor-joining method.
Nucleotide sequence accession numbers. The 16S rRNA gene sequences of 86 isolates were deposited in the GenBank nucleotide databases under GQ131118 to GQ131155, GQ131157 to GQ131188, GQ131190 to GQ131202, GQ1312513 and GQ131237 to GQ131238 numbers, respectively.
Multiplex PCR assay of Lactobacillus (L.) plantarum. For further discrimination of strains in L. plantarum group, a multiplex PCR assay was performed with the recA gene-based primers: paraF (5 -GTCAC A G G C A T T A C G A AAAC-3 ), pentF (5 -CAGTGGCGCG G T T G A T A T C-3 ), planF (5 -CCGTTTATGCGGAACACCTA-3 ), and pREV (5 -TCGGGATTACCAAACATCAC-3 ). The PCR amplifi cations were performed as described by Torriani et al. (2001) .
nosus is a closely related taxonomic group, so tuf-RFLP was used to further confi rm results given by 16S rRNA gene and phenotypic characteristics. Amplifi cation of the tuf gene was carried out as described by Ventura et al. (2003) . TUF1: 5 -GATGCTGCTC C A G A A G A-3 and TUF2: 5 -A C C TTCTGGCAATTC A A T C-3 were used as primers for amplifi cation of the tuf gene from 38 L. casei strains. Cost-effective restriction endonucleases (HaeIII; New England Biolabs) were chosen based on restriction sites giving DNA fragments clearly resolvable by theoretical agarose gel electrophoresis with NEBcutter V2.0 (http://tools.neb.com/ NEBcutter2/index.php) (Giraffa et al., 2003) . DNA restriction and separation of fragments were carried out as described in a previous work (Yu et al., 2009) .
Results

Phenotypic characterization
A total of 86 strains, including 80 rods and 6 cocci, were obtained from the natural sour congee samples by the pure culture method. The phenotypic characteristics of all isolates are shown in Table 2 and  Table 3 . According to the morphological, physiological and biochemical properties, those strains were divided into 10 groups. The eighty rods were divided into 7 groups (1 7), and the 6 cocci were divided into 3 groups (8 10). All rods could grow at pH 4.5, and exhibited growth in 2.0% and 4.0% NaCl solution. All cocci could grow at pH 9.2 and pH 9.6, 10 C and exhibited growth in 5.0% NaCl solution, 0.1% methylene blue and 10% glycocholate sodium; none of them were able to grow at pH 4.2 at 50 C, or produce dextran from sucrose.
Group 1 consisted of IMAU70006, IMAU70008, IMAU70012, IMAU70013, IMAU70016, IMAU70031, IMAU70032, IMAU70047, IMAU70050 to IMAU70055, IMAU70058, IMAU70059, IMAU70065, IMAU70069, IMAU70075 to IMAU70077 and IMAU70086. All the strains could produce CO 2 from glucose, and most of those strains grew well at 45 C but only 10 strains could grow at 15 C. The majority of strains in this group were able to ferment D-ribose, D-xylose, glucose, mannose, fructose, galactose, sucrose, maltose, lactose, melibiose, gluconate and D-raffi nose, but only one strain could ferment trehalose. None of them could ferment L-arabinose, cellobiose, rhamnose, melezitose, mannitol, sorbitol, esculin, salicin or amygdalin. Thus, isolates of group 1 were considered to be the L. fer-mentum group (Sneath et al., 1986) .
Group 2 included 38 homofermentative rod-shaped  isolates, IMAU70001, IMAU70002, IMAU70007,  IMAU70011, IMAU70014, IMAU70015, IMAU70017 to  IMAU70020, IMAU70024, IMAU70026 to IMAU70030,  IMAU70033, IMAU70034, IMAU70036 to IMAU70039,  IMAU70044 to IMAU70046, IMAU70048, IMAU70049,  IMAU70057, IMAU70060 to IMAU70063, IMAU70071,  IMAU70072, IMAU70074 , and IMAU70083 to IMAU70085. Most of the strains in this group grew well at 10 C and 45 C and produced acid from most sugars except D-raffi nose, melibiose, L-arabinose, rhamnose and D-xylose. Considering all the results, this group was identifi ed as the L. casei group.
Group 3 comprised seven homofermentative rodshaped bacteria IMAU70004, IMAU70005, IMAU70010, IMAU70023, IMAU70035, IMAU70042 and IMAU70080. The majority could grow at 10 C and 45 C and grew well in 6.5% NaCl. The strains of group 3 could utilize most sugars except rhamnose. However, some strains could not ferment L-arabinose or D-xylose. The seven isolates were preliminarily assigned to the L. plantarum group according to their characteristics.
Group 4 consisted of IMAU70025, IMAU70079, IMAU70081 and IMAU70082, and were identifi ed as L. brevis due to their characteristics. Those rod-shaped strains produced gas from glucose, and could grow at 10 C in 6.5% NaCl but not at 45 C. They could ferment The heterofermentative strains IMAU70066 and IMAU70067 of group 5 were assigned to L. reuteri since those isolates could not grow at pH 3.0 in 6.5% NaCl at 10 C and they can produce acid from L-arabinose, D-xylose, glucose, fructose, galactose, sucrose, maltose, lactose, melibiose, D-raffi nose or gluconate (Kandler et al., 1980) . The homofermentative strain IMAU70022 belonging to group 6 was classifi ed as L. amylolyticus based on its characteristics: it can grow at 45 C and 6.5% NaCl, and can ferment only fi ve kinds of sugars glucose, fructose, galactose, mannose and maltose.
Group 7 was rod shaped and heterofermentative. Most of the strains could grow at 45 C. A few strains could grow at 10 C in 6.5% NaCl. This group comprised IMAU70003, IMAU70021, IMAU70041, IMAU70043, IMAU70056 and IMAU70064. Those strains could produce acid from D-xylose, glucose, mannose, fructose, galactose, sucrose, cellobiose, lactose and gluconate. All the strains could produce a small amount of acid from trehalose, melibiose, D-raffi nose, melezitose, mannitol, sorbitol, esculin, salicin and amygdalin. Strains from this group were not assigned to any species because the sugar tested and the fermentation pattern did not lead to a clear identifi cation.
The strains IMAU70122, IMAU70121, IMAU70078 forming group 8 were identifi ed as Enterococcus (E.) faecalis based on physiological and biochemical prop- erties (Wood and Holzapfel, 1995) . The strains could grow at pH 4.8 and pH 9.6 at 45 C in 40% glycolcholate sodium and 6.5% NaCl, and could hydrolyze arginine, hippurate and esculin. All strains could ferment Dribose, glucose, mannose, fructose, galactose, sucrose, maltose, cellobiose, lactose, mannitol, esculin and salicin, but only one strain could ferment melibiose and starch; none could ferment L-arabinose, rhamnose, melezitose, D-xylose, D-raffi nose, sorbitol, gluconate, inositol, glycogen, α-methyl-D-glucoside or Fig. 1 . Neighbor-joining tree based on 16S rRNA gene sequences of representative strains and the reference strains.
Bacilus subtilis was used as the outgroup. Bootstrap values based on 100 replications are given at the nodes. E.: Enterococcus; L.: Lactobacillus; Lac.: Lactococcus.
inulin.
Strains in group 9 were considered to be E. italicus (Fortina et al., 2004) . This group comprised two cocci isolates, IMAU70068 and IMAU70070, which did not hydrolyze arginine, hippurate, or esculin, and utilized glucose, mannose, fructose, galactose, sucrose, maltose, cellobiose, lactose, mannitol, salicin starch and α-methyl-D-glucoside, but not L-arabinose, D-ribose, rhamnose, D-xylose, melibiose, D-raffi nose, melezitose, sorbitol, esculin, gluconate, glycogen, inulin or inositol.
Strain IMAU70097 of group 10 was classifi ed as Lactococcus (Lac.) lactis. The strain could hydrolyze arginine, hippurate and esculin, and grow in 40% glycolcholate sodium. This strain was able to ferment Dxylose, mannose, glucose, fructose, galactose, sucrose, maltose, cellobiose, lactose, sorbitol, esculin and salicin, but not ferment L-arabinose, D-ribose, rhamnose, melezitose, D-raffi nose, melibiose, mannitol, starch, glycogen, inulin, inositol, gluconate or α-methyl-D-glucoside.
16S rRNA gene sequence analysis
In an effort to corroborate the phenotypic classifi cation, we used genotypic methods, mainly 16S rRNA gene sequencing, to classify all isolates. The 16S rRNA gene sequences of 86 strains were obtained and then the representative strains of each group and their related type strains were chosen to construct a phylogenetic tree with MEGA software (version 4.0) (Fig. 1) . As shown in Fig 1, 
Multiplex PCR results
Multiplex PCR was used to distinguish the closely related species of the L. plantarum group. The expected sizes of the amplicons were 318 bp for L. plantarum, 218 bp for L. pentosus and 107 bp for L. paraplantarum. Seven strains in group 3 and type strain L. plantarum JCM 1149
T produced 318 bp products, while the negative control did not produce any amplicon (Fig. 2) .
RFLP analysis
tuf-RFLP was used to further confi rm results given by 16S rRNA gene and phenotypic characteristics. The RFLP profi les of 4 representative strains in the L. casei group generated by HaeIII digestion are shown in Fig. 3 From the phenotypic and genotypic characteristics, 86 isolates were identifi ed at the species level. The result of the strain identifi cation and distribution among different sampling places are shown in Table 4 . L. paracasei (44%) and L. fermentum (32.5%) were predominant LAB in sour congee samples; the other species present in relatively lower frequency were L. plantarum (8.0%), L. brevis (5.0%), L. reuteri (2.3%), L. amylolyticus (1.1%), E. faecalis (3.5%), E. italicus (2.3%) and Lac. lactis subsp. lactis (1.1%).
Discussion
Sour congee is produced using traditional and ancient method of natural fermentation. This unique method preserves benefi cial microorganisms and that indigenous microbiota plays a major role in congee production, especially its unique fl avor and probiotic characteristics. However, little research has been conducted on the classifi cation and identifi cation of LAB isolated from traditional sour congee in Inner Mongolia of China. In this study, we systematically studied the microbial composition in the sour congee by conventional and molecular methods.
Eighty-six LAB were isolated from 28 sour congee samples in different areas of Inner Mongolia; all strains were divided into 10 groups by conventional methods based on physiological properties, nutritional requirements and growth conditions. However, genotypic analysis showed that all these isolates were identifi ed to 9 species and subspecies. Based on physiological properties, strains in group 1, 4, 5, 6, 8 and 9 were identifi ed as L. fermentum (28 strains), L. brevis (4 strains), L. reuteri (2 strains), L. amylolyticus (1 strain), E. faecalis (3 strains) and E. italicus (2 strains), and the 16S rRNA gene sequence analysis showed the representative strains form well-separated clusters with their type strains in a phylogenetic tree. Strains of group 3 were phylogenetically identifi ed as belonging to the L. plantarum group, and their 16S rRNA gene sequence showed 99.8% similarity to the type strains of L. plantarum and L. pentosus. Ennahar et al. (2003) reported that L. plantarum and L. pentosus have very similar 16S rRNA gene sequences that differ by only 2 bp. In present study, multiplex PCR assay was applied to discriminate the two species and the resultant isolates of group 3, identifi ed as L. plantarum, L. casei, L. paracasei, L. rhamnosus and L. zeae, form a closely related taxonomic group within the facultatively heterofermentative lactobacilli (Desai et al., 2006) ; therefore, based on physiological characteristics and carbohydrate tests, it is diffi cult to distinguish the 38 
